Abstract
to operate. With a short cooling cycle of a few days, our system is much more flexible than 48 an earlier apparatus [25] , which was designed to be installed close to the target of a spallation 49 source. Our present apparatus is a prototype for a future UCN source to be installed at a strong 50 cold neutron beam of a high-flux reactor, where no extraordinary cooling power is required.
51
A particular feature is the vertical extraction of the UCN through a cold mechanical valve 52 situated above the helium bath. In contrast to a previous attempt to extract accumulated UCN 53 horizontally [26] , no gaps or windows are required in our method. To gain first experience with 54 this system, the UCN converter vessel and extraction guide system were made of stainless steel.
55
In the first run it enabled us to measure, with negligible background, the UCN production rate 56 and to study the temperature-dependent storage properties of the converter. Here we report 
Definition of time constants and measurements

80
UCN storage and extraction from the converter can be characterised by various time constants.
81
The storage time constant τ quantifies the temporal decrease of UCN in the closed vessel. The due to wall collisions, absorbing impurities, and UCN
83
escaping through small holes in the vessel. This contribution does not depend on temperature
84
T but on the kinetic energy E of the UCN. In addition there are the rates for the T -dependent
85
UCN upscattering, and for neutron beta decay 1 ,
The emptying time constant τ e quantifies the temporal decrease of UCN in the vessel with
87
the UCN valve open. Therefore,
where τ A is the time constant for UCN passage through the extraction hole with area A. From 89 these time constants we may derive the detection probability W for a UCN created in the 90 converter vessel. It characterises the efficiency of the whole system including extraction and is
91
given by
where the factor ε describes losses in the extraction line and imperfect detector efficiency. The The results for the fitting parameters τ and N are employed in section 4 to determine the UCN production rate. The fits to the data points for lower temperatures employ double exponentials and serve as guides to the eye.
due to the increase with UCN energy of both the average loss probability per wall collision and The time constants τ and τ e can be obtained from measurements in the "buildup mode".
106
There, the closed converter is first irradiated with cold neutrons for a time t 0 , after which the 
For the highest temperature, T = 1.26 K, this fit has a reduced χ 2 of 3.5. The fit becomes After an accumulation time t 0 the beam is shut, but the UCN valve is opened only after a Values for τ can also be deduced from the integral UCN counts for only two different delay 140 times, using the relation
Figure 5 shows such an analysis for the series with t 0 = 250 s. with a relative error in the order of 10 %. 
UCN production rate
155
The UCN production rate can be inferred from two methods, for which we employ the data at 156 the highest temperature, T = 1.26 K, where the time constants are sufficiently well defined.
157
First, as in the analysis of our last experiments [22], we may use the stationary "continuous 158 mode" count rateṄ c . The corresponding UCN production rate density P 1 is given by
Using the values forṄ c and W/ε stated in Table 1 and the value V p = 595 cm 3 for the UCN 160 production volume, we obtain
Lacking the knowledge of ε, the numerical value in eq.(8) provides a lower limit for P 1 .
162
A second value for the production rate density, P 2 , may be derived from the saturated UCN 
Using the values for τ and N from eq.(5) with W/ε from Table 1 we obtain 168 εP 2 = (0.786 ± 0.085) s
Hence, within the 10 % accuracy of these two methods, P 1 = P 2 . We may now compare the 
188
The differential multi-phonon production rate density is given by
n4 He = is the number density and σ4 He = is the cross section per helium atom. E c and k c 
Discussion and conclusions
213
Our experiments demonstrate the feasibility of a versatile, intense UCN source at a cold neutron (2) can be compared to the gas-kinetic equation
where we insert V ≈ 2.4 l for the volume of the converter vessel, and the mean velocity v of the 
232
Thus a certain roughness of the vessel walls seems to be necessary for efficient extraction of the
233
UCN through a small hole. This should be taken into account in the design of a large converter 234 vessel in order to keep the time needed to extract the UCN reasonably short.
235
The UCN production rate densities determined with two partly independent methods agree 
